Metabolic Engineering of Bacteria for the Production of alpha-olefins by Pfleger, Brian F.
Engineering Conferences International
ECI Digital Archives
Metabolic Engineering IX Proceedings
Summer 6-4-2012
Metabolic Engineering of Bacteria for the
Production of alpha-olefins
Brian F. Pfleger
The University of Wisconsin Madison
Follow this and additional works at: http://dc.engconfintl.org/metabolic_ix
Part of the Biomedical Engineering and Bioengineering Commons
This Conference Proceeding is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion in
Metabolic Engineering IX by an authorized administrator of ECI Digital Archives. For more information, please contact franco@bepress.com.
Recommended Citation
Brian F. Pfleger, "Metabolic Engineering of Bacteria for the Production of alpha-olefins" in "Metabolic Engineering IX", E. Heinzle,
Saarland Univ.; P. Soucaille, INSA; G. Whited, Danisco Eds, ECI Symposium Series, (2013). http://dc.engconfintl.org/metabolic_ix/
8
Metabolic Engineering of Bacteria 








































Sweet-spot is between 10-14 carbons in length
Sugars from biomass








Rehm et al., Appl Microbiol Biot
(2001)
Free Fatty Acid





Biodiesel – Ethyl esters
WS/DGAT Enzymes
Kalscheuer et al., Microbiology (2006)
Steen et al., Nature (2010)
Fatty alcohols
Acyl-CoA Reductase
Reiser et al., J Bacteriol. 1997
Steen et al., Nature (2010)
Internal ketones & olefins
Condensation/Reduction
Beller et al. Appl Environ Microb (2009)
Catalytic Conversion
Maki-Arvela. Energy & Fuels, (2007)





Rude et al., AEM (2011)




Banerjee et al., Crit. Rev. Biot (2002)
• Eukaryotic microalgae
• Fresh and saltwater species
• Found around the globe
• Accumulate hydrocarbons
• Three Races
• A – normal olefins
• B – isoprenoids
• C – lycopadiene 
• Race A hydrocarbons made 
by elongation decarboxylation


































Olefins represent ~ 10-15% of 
the lipid content of PCC 7002 
under CO2 limitation
P450 fatty acid 
decarboxylase
+
Rude et al., AEM (2011)
Decarboxylation of fatty acids (Jeotgalicoccus sp.)
Would require C20 FA
How Are Olefins Biosynthesized?
PCC 7002 makes:  
• C16 and C18 FA 
• C19 olefins
Similar to published results: 
Arch Microbiol (1998) 169: 20-28
If fatty acids are precursor to 
olefins, an elongation 
decarboxylation pathway exists
Curacin A Biosynthesis
Chang et al., J. Nat. Prod., 2004
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Curacin A is made by a gene cluster comprising nine PKS
and one NRPS. The last module, CurM, is responsible for
forming the terminal double bond.
CurM Homolog: Olefin Synthase (OLS)
An open reading frame  was identified in PCC 7002 genome encoding 
a protein with ~45% amino acid sequence identity to CurM. 
OLS LD =   loading domain 
ACP= acyl carrier 
protein 
Mendez-Perez et al., AEM (2011)
8
KS =   ketosynthase
AT =   acyltransferase
KR =   ketoreductase
ST =   sulfotransferase




• C-terminal domain includes the polyketide elongation module and 
terminal olefin forming domains
• N-terminal domain contains two additional domains, predicted to 
encode a loading module  















A fully segregated null mutant of the ols gene was made by






Plain                    + Strep















Ols is responsible for olefins
14






WT 0.15 ± 0.06 1.60 ± 0.24
Δols n.d. n.d.
Δols-LD n.d. n.d.
Φ(PpsbA-ols) 0.75 ± 0.13 3.45 ± 0.71
QPCR of OFE mRNA
Expression  relative to WT 
WT 1.00 ± 0.10
∆Ols-ALD 0.07 ± 0.01
∆Ols N/A
Φ(PpsbA-ols) 2.20 ± 0.30
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– Large, complex protein with post-transl. mods.
• OLS engineering
– Where to make domain/module fusions













Strategy: Express OLS in E. coli
• Multiple ols variants 
– WT, Homolog, Codon-opt homolog
• Multiple E. coli 
– K12 MG1655 with helper plasmids
– BAP1 (E. coli B used for PKS expr.)
19
• Measure ST-TE RNA 
– Present in all tested experiments
End Result: no olefins
?: Is OLS protein present?
Translational Coupling
20
Mendez-Perez et al., Met. Eng. (2012)
De Smit and van Duin (1994)
Salis et al., (2009)
Translational Coupling
21
Mendez-Perez et al., Met. Eng. (2012)
Naturally observed in several operons
• Phage: (Ivey-Hoyle and Steege, 1989)
• S10: (Lindahl et al., 1989, Lindahl and Zengel, 1986)
• trp: (Oppenheim and Yanofsky, 1980, Aksoy et al., 1984)








































































































































































































Mendez-Perez et al., Met. Eng. (2012)
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Works at High and Low Expression
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Vary Ribosome Binding Site
0.0









































































Mendez-Perez et al., Met. Eng. (2012)
0
0 5 10 15
LD-ACP1 (76 kDa)
0
0 5 10 15
KS-AT-KR (148 kDa) 0

















































were optimized using 
the coupling system
Mendez-Perez et al., Met. Eng. (2012)
0
0 5 10 15
Time (hrs)
Codons # Average Below 0.15 Below 0.20 
  
Usage # % # % 
1-1000 1000        0.380  142 14% 254 25% 
1001-2000 1000        0.384  151 15% 253 25% 




• Cyanobacterial olefins can be synthesized 
– By polyketide-like, olefin synthases
– By P450 hydroxylase/decarboxylase 
– Protein engineering will be used to alter                                                   
the substrate specificity and make olefins
• Translational coupling as a Met Eng tool
– Useful for detecting full translation
27
– Useful for optimizing expression conditions
– Qualitatively proportional over wide range 










































































































35oC          25oC
∆ols
35oC          25oC
Φ(PpsbA-ols)
35oC          25oC
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C# Density Viscosity ∆HoC Melt Pt Flash Pt Autoignition 
g/mol mm2/s MJ/mol °C °C °C
1-butene 4 0.60 2.54 -138 384 
1-pentene 5 0.64 0.20 3.13 -165 -18 273
1-hexene 6 0.67 0.39 3.74 -140 -31 253
1-heptene 7 0.70 0.50 4.35 -119 0 263
1-octene 8 0.71 0.66 4.96 -101 21 230
1-nonene 9 0.73 0.85 5.57 -81 27 237
1-decene 10 0.74 1.09 6.18 -66 53 235
1-undecene 11 0.75 1.38 6.84 -49 71 237
1-dodecene 12 0.76 1.72 7.41 -35 49 255
1-tridecene 13 0.77 2.14 8.03 -23 79 237
1-tetradecene 14 0.77 2.61 8.64 -13 110 235
1-pentadecene 15 0.78 3.19 9.25 -4 113
1-hexadecene 16 0.78 3.83 9.86 4 124 240
1-heptadecene 17 0.79 4.60 10.47 10 135
1-octadecene 18 0.79 5.47 11.08 18 146 250














How Big (Number of Carbons)?
31
Data for n-olefins (x-axis = # of Carbons)
Sweet-spot is between 
10-14 carbons in length
-




























































No Translation of 
Response Protein
Hairpin Outcompetes 










Tag Target Gene RB
S
St
op
Res
p
6x-His 
Tag
Translated Translated
-
HHHHH
H
